Abstract: A series of pyrazolidinium ylides was reacted with benzothiophene 1,1-dioxide to afford (3R,5S,5aS,10bS )-3-methyl-5-substitutedphenyl-2,3,5,5a-tetrahydrobenzo [4, 5] thieno[3,2-c]pyrazolo[1,2-a]pyrazol-1(10bH )-one 6,6-dioxides under microwave irradiation and their structures were identified by means of spectral/physical characteristics including X-ray diffraction data and HRMS measurements.
Introduction
Heterocyles containing pyrazolone rings have been attracting continuing interest due to their diverse medicinal chemistry applications, for example as antipyretic and antiparasitic agents. Recently, some sulfanyl pyrazolone derivatives, which can be used against amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig's disease, a fatal neurodegenerative disease causing muscle loss and paralysis, were reported ( Figure 1 ).
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Figure 1. Some biologically important pyrazolone derivatives.
Pyrazolidium ylides have been studied rarely in terms of 1,3-dipolar cycloaddition. 1,3-Dipolar cycloaddition of these dipoles to phenyl acetylene, ethyl propiolate, maleimides, and fullerenes is reported. The dipolarophilic reagent used in this work, benzothiophene 1,1-dioxide, is also rarely utilized in dipolar cycloadditions. 18−20 Recently, we performed cycloaddition of sydnones to benzothiophene dioxide.
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Taking account of the above considerations and our continuing interest 22 in the cycloadditions of various ylides, we herein focused on the cycloaddition of oxopyrazolidinium ylides to benzothiophene 1,1-dioxide under microwave irradiation conditions routinely utilized in organic synthesis including cycloaddition and multicomponent reactions.
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Results and discussion
The major starting 1,3-dipolar compounds, the pyrazolidinum ylides 3a-l, were prepared by reacting ethyl but-2-enoate with hydrazine hydrate then with substituted benzaldehydes carrying both electron withdrawing and electron donating groups, according to the procedure previously reported, 29 and their structures were confirmed by spectral/physical characteristics (Scheme 1).
Scheme 1. Synthesis of oxopyrazolidinium ylides 3a-l.
The electron deficient dipolarophile benzothiophene 1,1-dioxide 4 underwent cycloaddition with oxopyrazolidinium ylides 3a-l under microwave heating and gave the regioisomers 5a-l in good yields as the only isolable regioisomeric products (Scheme 2). Even if prolonged reflux conditions were applied, no reaction occurred at all between the ylides and benzothiophene dioxide.
Typical characteristics of these cycloadducts carrying four stereocenters in their IR spectra are the carbonyl absorptions of the pyrazolidinone at around 1685-1695 cm −1 and the symmetric and asymmetric stretching vibrations of SO 2 moiety at around 1150 and 1300 cm −1 , respectively. In the proton NMR spectra of these cycloadducts, the most deshielded aliphatic hydrogen (H a ) originating from benzothiophene 1,1-dioxide is that attached to the bridge carbon adjacent to the nitrogen with the ring carbonyl group and appeared at around 5.77 ppm as a doublet. Another bridge proton (H b ) originating from benzothiophene 1,1-dioxide and spatially trans to the sulfone group and H c resonated at around 4.35 ppm as a triplet. The H c proton that originated from the ylide azomethine group appears as a doublet at around 4.20 ppm with a J value of 8.8
Hz. H d is split into a septet due to adjacent methyl and methylene protons (H e and H f ) at around 3.24 ppm (Figure 2a ). The most deshielded aromatic protons (H g ) are those attached to the carbon, which are closer to the sulfone group spatially and came out at around 8.40 ppm as doublets. As for 13 C NMR data, we observe the pyrazolone carbonyl carbon resonating at around 170 ppm, while the bridge methine (C1) adjacent to sulfone resonates at around 73.5 ppm, another bridge carbon (C2) appears at 60.5 ppm and C3 carrying an aromatic group at 68.2 ppm, while pyrazolone C4 carbon, which is attached to the methyl group, arises at 55.8 ppm (Figure 2b ). Exact regiochemistry and stereochemistry of the cycloadducts were resolved by means of X-ray diffraction data obtained from a fine single crystal of 5i (Figure 3 ). It is clearly seen that aryl and methyl groups are cis; H b and H c protons are trans. H b and H d obtain their cis stereochemistry from benzothiophene 1,1-dioxide.
Formation of these single regioisomers coincides with the outcome of a previous observation in which azomethine ylide generated from isatine in which ylide approach to the dipolarophile occurred through the less hindered site. 18 In the case of benzothiophene-S -oxide-ylide cycloaddition, a contrasting situation was reported. 29 In this regard, in our current case, regioisomers 5a-l were generated by approach of the dipolarophile benzothiophene 1,1-dioxide, which may be attributed to the possible resonance structure having the higher electron deficiency on the number 2 carbon and likely less hindrance (Scheme 3). Considering the fact that the electron deficiency is higher in no. 2 carbon of benzothiophene 1,1-dioxide we may think of drawing an anticipated transition state configuration based on the approaching 1,3-dipolar azomethine ylide to the electron poor and electron rich ends of the dipolarophile benzothiophene dioxide (Scheme 4). 
Conclusions
In summary, we demonstrate a practical method that allows access to a series of substituted benzothiophene fused pyrazolones carrying substituted aryl groups using [1, 3] -dipolar cycloaddition reactions of 3-methyl ox-opyrazolidinium ylides to electron deficient dipolarophile benzothiophene 1,1-dioxide. The reactions result in good yields and are regioselective under microwave irradiation.
Experimental
General
Melting points were determined on a Meltemp apparatus and are uncorrected. Infrared spectra were obtained from KBr pellets or neat on NaCl plates for liquids and were recorded on a Shimadzu 8000 FTIR spectrophotometer. LC-MS spectra were recorded on an Agilent spectrometer and HRMS on a Waters Synapt spectrometer using the ionization modes specified. NMR spectra were recorded on JEOL and VARIAN spectrometers operating at 400 MHz for 1 H and at 100 MHz for 13 C, respectively, all at 25 • C, as specified for each data set. All chemical shifts are reported in ppm downfield from TMS. Coupling constants (J) are reported in Hz. Routine TLC analyses were carried out on pre-coated silica gel plates with fluorescent indicator. Flash column chromatography was performed on silica gel (230-400 mesh ASTM). A rotary TLC apparatus (Chromatotron) was utilized for further separation and purifications. Stain solutions of potassium permanganate and iodine were used for visualization of the TLC spots. After stirring overnight at room temperature, the solvent was removed under reduced pressure. The resultant residue was purified by column chromatography on silica gel using MeOH/EtOAc (1/10, v/v) to afford 2-arylidene-3-methyl-5-oxopyrazolidin-2-ium-1-ides (3a-l).
Preparation of oxopyrazolidinium ylides 3a-l: general procedure
2-Benzylidene-3-methyl-5-oxopyrazolidin-2-ium-1-ide 3a
Light yellow solid, mp 148-150 
3-Methyl-2-(4-methylbenzylidene)-5-oxopyrazolidin-2-ium-1-ide 3b
Yellow solid, mp 129-132 
3-Methyl-2-(3-methylbenzylidene)-5-oxopyrazolidin-2-ium-1-ide 3c
Light yellow solid, mp 136-138 
2-(3-Methoxybenzylidene)-3-methyl-5-oxopyrazolidin-2-ium-1-ide 3e
Light yellow solid, mp 93-96 
3-Methyl-2-(4-(methylthio)benzylidene)-5-oxopyrazolidin-2-ium-1-ide 3f
Yellow solid, mp 120-122 
3-Methyl-2-(4-nitrobenzylidene)-5-oxopyrazolidin-2-ium-1-ide 3k
Bright yellow solid, mp 125-128 
2-(4-(Dimethylamino)benzylidene)-3-methyl-5-oxopyrazolidin-2-ium-1-ide 3l
Orange solid, mp 177-180 1S,4aR,9bR,10S )-1-Methyl-10-(p-tolyl)-1,2,9b,10-tetrahydrobenzo 
Synthesis of cycloaddition products 5a-l: general procedure
(
(1S,4aR,9bR,10S )-1-methyl-10-(m-tolyl)-1,2,9b,10-tetrahydrobenzo[4,5]thieno[2,3-c]pyrazolo[1,2-a]pyrazol-3(4aH)-one 5,5-dioxide 5c
